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imm%] mmm 

mm<D^m mr i ^wirua slo--/> yum 

[If *S 1 ] mkW<DWi%Mmzn tX A S L (Arterial Spin Label ing 
) mzm^>< 3 > Fn-;K- K&C/? ^'(D^)IX v - ^ >^ X * 

14 & £ J; 9 HffM L 7t £ t f & M R I it„ 
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18 0° RFA';^tM$H^ - t Z&mt-t&MR I Hg 0 

ffi£SLW;j£i££^£-££#^t1-&MR I^Eo 

[ft ^ 8 ] W:f*^iiftlWt3it Lt A S L (Arterial Spin Label ing 

* >z^ti^nmftLxmmMiPMi&<r>A s Lnmznz =t ? cstLtMR i 
iii is/ * ;v * -> - y > * , mmmMi&mmnx^m & mm £ miR l t ^ 
m. LR^-7z<ommm zm-tz mw<Dmt* mmm izmm l xmmt t 

m<hi-^MR I ^fi 0 

m^mm^o^^n, mmm±.xm^^wm^ti^m 1 <oy ? 7V^* t 

X£>-oxm?>M2<D7 »; y y'^fr^zmn-fZ tX<Dmm<r>^rti^ftiK)s^xW 
[m^m 1 0 ] If ^ 9 tCfSfcOMR I illtKfc WC\ 

Huffi^raii^^i-x i±, ffirisiRfftiaisusfex-r *aE-(*:o±aEiii-c* o t\ stria 
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[if^js i 1 3 1 o icsetSc^MR i mwiz&\,*x, 

[If 1 2 3 tt8M£0»ffcfH#K*fr LT A S L (Arterial Spin Label i 
ng) mz%-3< u y fn-M- b'R&py*- KW/^Xy-t >XCI^,^ 

I ^gH&^T, 

So 

Im^m. 1 3 ] titfkfoOffi&mmzM LX A S L (Arterial Spin Label i 

ng) y£tcSo*< rr> Fd-m- K®.LK?^- KO/WX y — ^ >X ^ 

* * > **ti?*im$i Lxmmmm¥M<r) a s l mm «t o l^mr 

I ttc^^t, 

hu ifi^" My-^^it f Sit ft flit £ a ii L Eo -$e <o j£ jg$E B £ W 1" £ 

mt^mitxis > zmm^izmmLxmrnitt Lfz ^ z commit* mmttzm 
z\ <Dmmmm; < ^ * <± > m t stsitfw * 3- tr mm * w k ii^-t * ^° ^ x ?ij 

1 4 3 «tfc#tf>*ffc«8H::*t tT A S L (Arterial Spin Label i 
ng) Si:S^< n > h n-;i/^e- K&tf* KO/^X y — ^ >X [Z%2> 7. 

^ x v - y > x t± , mummm £ mm LR^—fcn&mmm z^-tz 
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&x$>^ x m i briev ^ * en jp-t- * * -eo»i w i: ^ kjrie/ < ;w * & en^p l & 
ttw&WLt, z<r>mn^mzx ^mMznfzmsftftzm^xmmmjEmzm 

1 6 ] ffl&S 1 5 Cffi«(OMR I ^gUioV^T, 
[»*]|17] ^^<7)tf ft flitted LT AS L (Arterial Spin Label i 

*^y* ztuftimi l t tu ib«i6«*s o a s l mm znz a s l >f ^ - v > 
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[If sfcjg 1 8 3 ?«#Otf LT A S L (Arterial Spin Label i 

ng) i£U2fC?< 1>d-;k- K$.£/7 7*^- KCVOWX v - ^ > X X 
* ^ > £ ^ti?iim7LxmUWi{%Mi&<nA S L Hit A S L -f p< - v > 

T ^ fc? > £ ^JlS-ft: «£H1- <5> ^iliR' * * x £ » L , d ?>f£ 

x * mu l , - oirc w * - v y ?m <D'*)v* n * mu-r %> - 1 * mm. t-tz> 

ASLO-y> ?^i£o 

[Iff^g 1 9 ] mkVf<7>WL\%MM\-n LX A S L (Arterial Spin Label i 
ng) vi^So^jgJgii^/^VX^^-tf/^l/X v-^ >XH$i&X*-Y>£n> h 
n-;i^- K^tf*^- Y^i^^fftKxmf LTlufetf ftfl^co A S L®f££ 
If & A S L i * - v>^i£&::joV^-T, 

[ooo 13 

[f&^^-r^KfT^if] 

rfusion 1 &!SUfiLwtt) Xt±JfiLt^IIif& £Jtl£-f & ^i^'t^AS L (Arterial 
Spin Labeling) ft(:So'< ^ ^-y>^" (ASLO-v>^) t:ntl)o t 
< (Slice Selective) £tf o A S L&KH jflLv/t 
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75^^;HIJt^fW ^ - iS>rmi&<Dm<l4&m~^.Z>@;$& y kmMirZ> co Izmir & 
mm (1-&fc>*>* Ttransit delay timej ) U/teH L£ MM A S L 

^ - v > £ alt b i'MRI (18ft#i* -f 2 — i/> V) ^MR O'ASLO 

[0 0 0 2] 
[0 0 0 3] 

Tmm&^mmn^m%m^mmL, z^m^Wox^-r^F i d (g 
S8is««) jf#^i n - {= «b ®ft * t# & m^x^h o 

[0 0 0 4] 

£fHffi1~&7 kf^^'J (spin labeling) fc>*> A S L j£rt s £n <b *l 

m%fccOtfa.Wi%L J ?tnicro circulation (jfidlt) 7 x-- y 

Kfrfrfi-o***, t<iz, mMnmiiatt (cbf) £4" ^^Kj^jSffl *>iIA,-e£ 

[0 0 0 5] 

ASL&td\ [continuous ASL (CASL) y£J t , Tpulsed A S L (PA 
SL) v£J (dynamic ASL (DAS L) &t i>Ufrl£ti&) t IC^cSU $ tl%> 0 CA 
S U£fi, T^&^Mlft&adiabatic R F *$m-fZ>^&X*> •) , tf^^t 0 

* - v > 9 r (tiiiJM) ^is l tz&nm-zmti: 4 *-is>y-t&o --ft, 

P A S L&fi^l'XtKWadiabatic R F ZWtiUlr Z^&Xfr^X , llM£rt©J8Btfb 
* # Jw|5ffc $ -fr, b $ ti jfiLflE £ «FiBtW JC$»tT v> * aai * ^ ^ - y > ^i" * 
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[0 0 0 6] 

^OASL^^-y^^-eii:, — fete, n> hn-;^- KS^^^ (?V 
[0 0 0 7] 

'J > ?~ £ L & v^T 9 rmte. t IWJ-^f^Ttift L tz n y h n - ;HJff (control® 
[0 0 0 8] 

-T^^I^^fi^S^nTv^o >I<7}^y£<7)^ p A S U£^o^-C(i, ffl 
it^Ml W2 HfSfc^^cO^^nrv^^^ , CASLft 

^ m M3R Cl^ASL (SS-ASL ; S 1 i ce Se 1 ect i ve-ASL) <D JSffl tf^tt A/ "C £ 

[0 0 0 9] 

iWSS-AS L&<7V^;W p< - v>^'£EI 1 iW^-to IbJEIHtfI- 

£i»&cep?jn l^^, -^r^w t i turner, 4 * - v > 
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[0 0 103 

mat. £.mi. z<D±M.mfrhmmm^\\z>%m^&^x, mtLmthtz^ 

lt^& 0 z<r>tztf>, tfaffitf?^*) >ym<r>9 rffi&frbJ * — 

m^r^LMm^^tX^^iM^i-^^^m-t^nm ( "transit delay 
tiraelTd" tm*ilX\<*2>) i> MUX § * v^^**^v» 0 
[0 0 1 13 

dB3Maj7& ? 7^'; >^*l*:7K<7)T i Hfn (tfEttft) iztt^xm$Lx£Z;^* 

®& Td>Tioj#^) % ttfKDmmtfn.*?^') yyfeLfzfe, mm 
ik-f2>tx<Dmmx&&Timmp\iz^ ?'<*)>trztiizm.m&, mmt-t&n 
izjc.fr %mmitzmwLtzVimxm<iMm-mmir2> ztux^^^o 
% ^ ^ - v > k & it * jfin&<7) 7n- tmm «t o »/mf n $ *lt l t ? 0 ^ 

WaRt:«*ASL (SS-ASL) T(±, Sl»t:0-y>n77'M 
S S-AS L-e+55-&ffiJg<7)AS L®ft^#^ti^» - i: j&^NftifcfcllR 

, injsijjflLtf %<r> tz & {z t d b# < & %> mwx it , sssiffiit 7 ^ > i - 
2 s e c cot i mi^hc-t * - z/ > rmi&<vm<bUiiL\zteMmx ^ fr^tztb, i 
n - tmm x *) & M'hwm £ n * < , pdij^ t iris $ *ltv> * „ 

[0 0 123 

0 0 2^1 SMRMf^CTE. Won g^tCJ: 0^$tL/c o 
[0 0 133 

ifttiTi/^Mfc?^'; >^nTf^iaS311R/^I/X (Velocity-Selective pulse 
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) X^rrtOjlV^jflL^^OiSfiifli^^^^^-t-^^^ (Velocity-Sel 

ective ASL : V S - A S L) Xfo& 0 
[0 0 14] 

COVS-AS L&CM&'^X ->-^>*<7)$E^£|II2 H^-to Ria^-*" 
J;^:, VS-ASLfto*^, n y h o KH*5v^TiSJtiliR^°^^ (V 
S-pulse) LT, £R|#34R0 9 0° (x) -180° (y) - 90° (-x) 
ORF/^X^iDx.^o — 9?*- Ktc45V»TI±, iUKS^^X (VS-puls 
e)at> H^9 0° (x) -180° (y) -90° (-x) ORF^X 
CMP G/N 0 ^XT-^>^iiJ^^>n- K (Velocity encode) ^)\/7^\\^MtLXWL 

tnza^x^ =r > h n-jHgf&Rtf* 9*mi%tfftt>ti&<DX, MWf&<9M53*£?£ 
Iti-^o - ^MMHf^ A S L ®ft t^So ^OASLIttii, v-Venc 

j. > n - hv^i^x^ij-e^Mbtc £ o x tr > a* 9 o ° £ itii) &± 

<DmMZ#irZ>X ^y&mfc (saturation) 2tiZ> 0 Z<D V S - A S U£l±, it 
|(|(3>hD-M- KB#) K filt K v > VencW 7, fcf > GOSHfc (M z ) D £ C 
£ h , C - -Ctiunipolar-VENC ? "7 0 <7) VS-ASLffii: ^ ItCf^o 
[0015] 
[if^Ml] 

Kwong KK, Chesler DA, Koff RM, Donahue KM et al. : MR perfusion stu 
dies with Tl-weighted echo planar imaging. Magn Reson Med 1995; 34:878-8 
87 

[0 0 16] 

~fcttW-M' Modified STAR using asymmetric inversion slabs (ASTAR)v£ 

iz x &$mwkrfn. : fcj *-vy 9\ a mmtt 2001 ;2o(8) , 374-385 

[0 0 17] 

Alsop DC, Detre JA: Reduced transit-time sensitivity in non-invasi 
ve magenetic resonance imaging of human cerebral blood flow. J.Cereb.Blo 
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od Flow Metab. 1996; 16,1223-1249 
[0 0 18] 
[^tf4] 

JztfBWSL: Arterial Spin Labeling-f * - V > y\Z&fthJ^W&foMA. 
^^M'fkffiMffi-Pulsed ASU£lC;fe5lt& y^l/->3> tcold-xenon-CT CBF 
fcOfflM-. B^ISI£2002; 22 (3): 111-124 
[0 0 19] 
»lt«5] 

Norris DG et al. Velocity Selective Radiof requency Pulse Trains. J 
.Magn. Res. 1999:137,231-236 
[0 0 2 0] 

Wong EC et al. Velocity Selective Arterial Spin Labeling. Abst Int 
Magn Res Med 2002;p621 
[0 0 2 1 ] 

LfrLKtfh, ±$L£unipolar-VENC?^-7V)VS-AS Lffiti, JilT 
[0 0 2 2] 

(1) ^lf@^*)SWlllt i)l»^^o:i:^^„ ^ttffjKli 
, fM*<7)S S-AS Lte^m-k, ?MbMzC0(i(J2^^7^'J >^*^*^75 ? 
, unipolar-VENC * -f 7*WV S -A S U£<D}f-£\ H^JilT <h ») . 

S S - A S Lri^ib^Tjg:V^ 0 
[0 0 2 3] 

(2) l2f§^IS^|iga(±, 7-f77^M:m„ #^H(± N £ 
$K (Bernstein MA et al. "Concomitant Gradient terms in Phase Contrast M 
R: Analysis and Correction. " Mag. Resn. Med. 1998; 39, 300-308) ^mh^^X 
■9tZ, >!C7)unipolar-VENC 9 <i y"<D V S - A S L &H&v>T , Maxwell termtU^ 
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[0 0 2 4] 

(3) »3#B<0*»^WfflJi, »«I^IHlO^*^WH-e**o MS, AS 
o ^*n#W<^&S£unipolar-V ENC 9 -Y 7°<DV S - A S L feKjgffl L X 

iq) tm&zti&o 

[0 0 2 53 

*%mii. ±^L^unipolar-VENC^^-7'<OVS-AS LMx.-Si^ 
JBffcO^'; *fl£5|£OS S-AS LftKEJft-t&SKKflS*!) 

[0 0 2 63 
[0 0 2 73 

#k, ^(Dmmm^frXKx&x^y^foftn&mfrftznjELxmn^ffim 

[0 0 2 83 
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mm * mvk-t z>tzfr<D^m 

»tLt, tttfc#oaHfc«**K*fr LTAS L (Arterial Spin Labeling) 
cr< n > h- n — ;w^e- YJSiXf* V^e- Ko^;^ + t > 

ti^tL^f LTmlffitiftflltcO A S LHffefcft* X o KfllJfc LfcMR I ^fi"C& 
»K itulS^x K % «r8B«f«L««*ii«LiLo-3eoiSa[|Ei8S:^r-r 

k & v » x m& z ti tz mmit&s. v > t:iit n * & «t ^ k^js l £ - 1 * & m. t -t 

[0 0 2 9] 

mmt^^^z^mmzm^y Y^^z^^hz\tx\ imcil/: (fn P 

back) LfcfcSK, Sfc#:<OI8['fk^* f av^cjS£S14U*«So Z.<ntz*b^ n>h 
[0 0 3 0] 

tu^o swa^«r^tc(±, wx-tf. mtzmmmiR'vi'Xii* mmm±xm 

*mzft)1)UZtl2>%i 1 (7)7'J y -7Vn';U^ fc, 1 CO "7 'J -y -f <D'&Xt\\1$\ 

, mrffifl l co 7 y y'^^xzmnLtzfex&^xmmK&^fr^Ztvmir&t 

x<Dwm t m%K&y*^x£mnLfzfexfr^xmmm 2 <n 7 -y -tv £ep 

SI 1 2 co 7 y y/^xjkcKURfi;^^* tti> iz^mztiR^mmMit 
Hit £ tr Hit £ S W W K ii^-f £ M£lf«' WAt^ts 0 
[0 0 3 1 3 
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, mffBR$E^°^X(± 1 8 0° R F^n/X^M;£ti£ 0 
[0 0 3 21 

huIS^ 1 X(i^2 <0"7 -y vV^xo? U y •7°fi^@4-i:vMcR$z;$ii:'r & <fcv> 0 
[0 0 3 31 

mjfEfil2 Ogift£5i)&i-&7^^ MiC^MRItili, Wm 
mtLX^ m$fo<nmmMm~n LX A S L (Arterial Spin Labeling) 

ti-en^tf L-cfrf£*tftfi^^ a s l mi^nz =t ^ «l/:mr i itt^ 

[0 0 3 4J 

c: (om^z x o n m r i co#«»ifiLvrL-r ^ - v > ^-c-* & aslo-/>^ 

^WMWK S U£^&tt£ft^<^Mt?&£T d (transit delay time) B£ffl 

^a&^-tfr&.r tx^ M&<v : titm<D : fafc (mm^t') te^mmiR^^xx? 

^HJt^T, a2i(07^'J>« (SNR) zmhz.ttfxbz>o 
[0 0 3 51 
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IliLT, ^ft^ifl^iSi-WLTA S L (Arterial Spin Labeling) &IZ 

[0 0 3 6] 
[0 0 3 7] 
[0 0 3 8] 

m i vmrnfm) 

03-12 £#bsl-t, ^^t;^^^ i (Dmrnfrnttrnm-tho 

[0 0 3 9] 

[0 0 4 0] 
[0 0 4 1 ] 
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[0 0 4 2] 

^ 1 47& ? |^lt^tL-Cv^ 0 ;wyA3^JH4Cli, & 3 > h n - 9 OIHI 

I 0 0 4 3 3 

3 & (fiSR) Ox, y, z3^V3x-3z*fx.-B„i 

y, zn^;W3x~3 z [:Mii|^i4^^/;i6^^^tI^Mt^o 
[0 0 4 4] 

mmmmmM4^hx, y , z 3>f ^3 x - 3 z i:ft»$^^^^ta*i 

[0 0 4 53 

3l£te*B«±, 515 1 rt<0« t^^Ctf^P <OiS#UEt9:$ *t£ R F n /f ;w 
7t, c: O n ;u 7 nfcMS 8 TS^f S 8 R S-fiix. S e Z<OM 

^S8TM$iS8Rli, &ft^&v-*>^5OiN»0>fci:"TN EH^Rt ( 
MR) MMi*1&z\ Z-t&tzStXD^-^TfflifcgknR FtI^;^^R F n-T ^ 7 

fM^ILT, Mfc-tz-ri?? frm^ZfcJ&irzx n c^oo^o 
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[0 0 4 6] 

) 5 , ftiftl 6 , if £ a- gB« 7M 1, 12, i5 

-^>X'|f#?r->-^>-9-5 1 v - >+h 5 * (i £ LT 

, jfcJlLx^ -y MO, gfilfjx-;/ HI, iii^jSl 2 &#tr^tt£#a>*& 

[0 0 4 7] 

~>-^>+r5(i, CPUi3<tZ>*^^';«rlSx.Ti5 0, htHHS 6 ^ hfkh 
titl/;^Xy-t>X flf $R £ IB-B L , -1 OffiffR K L £ ^ o T mfflmmm 4 

§jS8Rj6»<bOMR«^ r-* v * ;i/ r*- * Sr -B. A7J L T , mm*&W £ ft n tH 

[0 0 4 8] 

mmmmm 4 , gftg 8 r & «t t^fcss 8 t zmft mtz tz&tz&mz&xvm 

[0 0 4 9] 

$Ii»ASLO-y>», 1?!lx_f£*, ASTARS, STAR'S, 
EP I STARS, FAIR^t', ttSEO^Sr«ffl-C § ^n^co 

^s-e^fflBit^^, —sclera t im^m-irz>mm\:<ntztb<D^)V7.is-'ry7, 

A^y-t^Xt^otU^o tfflxJf, IIFEft, i^i§SE£, EPI ( 
Echo Planar Imaging) FASE (i^^S Asymmetric SE) a^7*'J y KE 

p i s, so* s s f pfe* ir-cabio 

iSJtjx-y MOli, A*t44f-^«)R&*, i«<D7-Ux^|B (k£ 
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"T?fr n J: n C^otv^o S^kJcWiWff^fitzm^, y h 1 0 

li, 3-^7Clift^-^^^ 2^®ft^-*££j£i-&£#MiMl P (»*<!& 

[0 0 5 0] 

ftLaa * t(D-iL^mn mi> ttna 6 H A# -c # & =t o K & o X v > & o 

[0 0 5 1 ] 

:ct?, H 1 <7)IMit« ^tl^.BVS-ASL (Band-Limited Veloc it 
y ASL) ftCo^tpM^o 
[0 0 5 2] 

:<7)BV S - A S L&ti, Wu&L/junipolar-VENC ? ^ 7°<7) V S — A S L 
fS^iSSt^abiiaJSIlSH^RSc^n* too, rt^&unipolar-V E N C * >f 7° 

ovs-as L-m<Dm 2 fe<Dmwmmz^ir & a s l 

[0 0 5 3] 

^OB VS-AS Lftli, 3 > h n-;l/-t- b*RZ>*? V t i> iSJtS 

^;Wf*5BVS^;M (Band-limited Velocity Selective pulse I BV 
S-p u 1 s e) £ffl^T^-f > h n-^^W^n^^ 

^n^tLRFi&^B-r^o loRFiecisu »ih^tr> GiEv = o) 

sTlHTV^X fcf v = V enc£fcf-*C0~2*Venc 

$EB/»?t§£*L& «t d tcR F/^^sr>'ilSxV3- V'SfrZ (W&tf, MPG 
(Motion Probing Gradient) VENC^t^^o 
[0 0 5 4] 

-Oil^il^/^VX : BVS-PUL SECIi, RFa>x«x>3- K 
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18 0\ Sr/9 0° OR ¥ ^)V7,^7,y ^mmm^G z Keif 5e MRS 

■eentp l, ^ or F^^x^enfloffiiiofymiM-*- > ^ - v e n c ££p 

-Venc^t-^;0-2*Venc ^Jt$Effl/6«e £ J: ■? \,z$\W&J& 
[0 0 5 5] 

04 - 6 iZTjk-f&mmiR^^^ :BVS-pul se^H, RF/<^7<7)£\\ 
[0 0 5 6] 

-~H<D9 4 7°f±, EI 4 (a) (a) ^iriu < , 9 0 (X) - 1 8 0 ( 

Y) -9 0 (Y) <DR F/^X^iJ£f£f? , M J- > =? - VsOVX (MPG^)V 
X) VENCIin> hn-;K- VRX/9V^e- Y<D^n^fii\zio^XW&'k^ 

[0 0 5 7] 

0 4 (a) <0jgJt«J/N°^X ! B V S-p u 1 s e <7>*#£\ 
I^ffl<?)X7 >f x«i#IG s Fn-M- 7*- Vti> tc|WJ^ 

JgipKirj > hn-)K- K&<7^ ?*^e- VX\s] CXfr&o z\<DB V S /^xcoif 

£\ r f / ■? ;w x t iej a# ^ en^n l -c v > £ x ^ rMiRffl 0x7^ ^mmmmm g s 

ti^MtS-e^ J; - hVN°;P7, VENC fc*frH LXBM^-£Z> Z\ t 

&-C§, -e<7)i#^tc »HI(i|s]-?>iIS^>3- K/^XVENC^ffflf 
#-?>o IH 4 (b) H(±, *^-K^&^T, ( a ) OilKiiiR^^X : B 

VS-pu 1 s e K J: 0 {g,^H £ ti& 4 * - V > 77s 7 y° t 9 >fffi$L t O^BJWfc 

[0 0 5 8] 

:tiWU II 5 (a) OiSMiR'^;* : BVS-p u 1 s ^7 



ffiSE# 2003-3073812 



#£g 2003-037183 



19/ 



ENCOlgffitta^ h o — KSt^^^- K"Cra fC*-6 0 BI5 (b) K 
(i, KHi^T, [0JH (a) WilSSl);/^^ : B V S - p u 1 set: 

<£ $ti& 4 * — v y y 7**7 ~f h 9 *rm&L t o^iw w * ^-n 

10 0 5 9] 

& -9 — ^<7) 9 -i ■?<7)&lgmiR'*)l'7 : BVS-pu 1 seli, 06 (a) 
-TiP < , X 7 ^ xMIt#G z S^'MP G^'i^ V EN C H r?>hn-;u 
•=6- VRX/9 9'^- KOM-eiBI— Stt^fipL, JL^\ 9 0 (X) - 1 8 0 (Y 
) - 9 0 (- Y) /9 0 (X) - 1 8 0 (Y) - 9 0 (Y) OR F X^?iJ£ 

If @X(i2f 1^9 0° '*)V7,*ziy Yu-fr*- VJklf? 7'^- 
T*RFftffi£RI££^Tep*n^*;fr&T*ab&o «lco9 0 (X) - 1 8 0 ( 

Y) - 9 0 (- Y) /9 0 (X) - 1 8 0 (Y) - 9 0 (Y) WRF^^J 
W\ 2#gO9 0° /^l^OR FfifB^n > Fn-M- Y^Xf9 7'^- KMT? 

.1 *^LTv>& 0 *tf>*&£\ n> Fd-jk- KOt § 9 0 (- 
Y) T-£>»K 9 7*— KOfc §tC9 0 (Y) t*otUv»L, <?-tf>R*fr-C*o 
T^J;v^ 0 fcrtfU ffe&0#2<aH*fc^fi!Kffi*S S-AS Lffit&*^M-5 

aHH-fi, ^> hn-v^w- K-e-*t-e*n»zi3v»T, M^ijtMzoii 
^ ^o^e- K-eti -enters i o 9 o° ^;vxofii«:se$*t^^o #0x- 

(i\ 3>hn-;^-KWt§t:, 9 0° (X) -18 0° (Y) -90° (- 
Y) (DRF&ffit U ^^-K^tit:, 9 0° (-X) -18 0° (Y) - 
9 0° (- Y) <DR F&ffit LXi> £v> 0 
[0 0 6 0] 

06 (b) 9 7**- KK*3V»-C, MBI (a) OjS&S^W;* : B V S 

- P u i s e (a ^mi&zfr&J *-^yr7,77t9 yffl&£<D^T%W%:&W. 

[0 0 6 1 ] 

: bvs-p u i s ex-mmztix^zmm^-y^- 
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hWAVENCIi, BVS-^'i:<t^n>fn-;K- KS^^t- K"C 
<9$HtM z ©Itt^S^CRKt^C ^ ^bipolar- V E N C £ ^ d t l<Z-f2> 

o 

[0 0 6 2] 

y rr - bVOl/X V E N C Otlt^S.^'&t)-^, EI 5 llT^i-R F/^X <D R F{£ 
•=6- KHjott^ilfbMz ZS.\<^zK&mt2>Z Z>m.&£Mt:'frtil££ 
[0 0 6 33 

07 ~ 9 £#MLT, BVS-ASLffi^IlC^l, bipolar- V E 
NC^triSJMiR^l'X ! BVS-p u 1 s eZmuLfzm&V)^ m%h^(D 

*\£y<D\iLWy-7 hRt/mmitMz tnm&zmw-t&o 

[0 0 6 43 

, x n° > ^M^»<7)IE^[p] Hift < t , mmn i:y7ft^;^:4^ 0 - <r> 

^ft^l^^Xllfico^lO ^9 0° , YftOi*)!: 18 0°, ft^-Yfftcom H 
9 0° [UfK^n^o Zffyfzib, MPG'ifrXfrbtfL&mm^yu- Y/*)VX VE 
NC (bipolar-VENC) J: 0 v 7 h Z^tffzffimittimmUzmZ H2> 

o 

[0 0 6 53 

o^, 17 (a) , (b) t:^ti^:, MIlGzlWW^^< 
- K-eiEn, t ^"^e- K-r^jil^i-^ <h-r^o -<t>*#£\ 07 (c) ^ 
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0 ^|t^~yJfL*i&ML* ^>0{3:fB(;i, ±fE<!:(i Rafale ->~7 h LT^ 
[0 0 6 63 

^ <n x o urns is y h <Dm&mmmm<7>m& t snw^ ton^t # t & 

i)\ Mfe<vy >; y -7Vn°^^ (2f 1^90° i;j;*K n>Fn-;«- 

K-C + Mz, ? r-t- K-C-Mz J: d HitflJflJ £ *i£ (0 8 (b) 0 

T + /- 9 0 0 <D\iLm"s-7 Y^ZlZ. m^y') yy°^)^^(Dmk\z.xmM\^ 
f^IMMz^4i^o — SKiLL*:* \i>ltYm±K$>2>tztb9 0 (- 
Y) £$lt^i!fl:O|(0MtM zliMz = 0i:^o ^il^^JfiirL^^^, n > h 
n-;i/^- K&CK? ?-^E- KO^^MTii, v = 01o v - 2 *VencCTff0!ft 
Mz = 0^l), v =VencHT«<bM z = ft*fit 2 £ t MfttcosineM 
, JIv££^^tUfcosincI!H;&& (EI 9 #BS) 0 
[0 0 6 7] 

JlftJA < 4 *-V>7 izmm Phase Cont rast (PC 

) &-Tr&bipolarMOi§Jgi>n- hWxVENC*fflv»ti}i5, #319! K« 

TLI^WtU B VS-AS LSt-li, ^O^i^t £«ft^M1- «t "9 K R 

F/^^^^entjni-^^.^i : L<^^^o izmmmzm-t z t iz x t 

-h^^ho ^Vm\.Z\tm&<nmvmm$ l. 5Tes l atl±T2 = 100-2 
OOrasecfit**^^ ^^Sil^OlLf: iot, T 1 = 1 . 2-1 
. 5 s e c ^2£;R£ft&o MjftHt^aMcii, > V^n^WmT I fi, 

1 s e cfIJtM^-C&£o 
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[0 0 6 8] 

±&L£iiJtiilR/^* :BVS-pulse H:fc^T, 1> 
-1-3- (Gradient Echo) &"C& < , Xtf^-xn- (Spin Echo) g^ffl^TV^ 

^\ etui, pcsti^i}, vs-asl&^^i^, T.^y^mmt^m-ttz 

[0 0 6 9] 

[0 0 7 0] 
[0 0 7 1 ] 

mi&VXilzWtfcZtiZ&mmiR'VI'X :BVS-pu 1 se »fcBVS 
- A S L &(D^)V MnUtf* * h tf-JHS 6 <b v- ^ >^ 5 Hii <b *i 

*o v-^>^(±, fl£*U&|fl>0ax.(3rA STAR (signal targ 

eting with alternated radio frequency using asymmetric inversion slab)'/£ 
„ STAR(signal targeting with alternating radio frequency)^ EP I 
A T A R (echo-planar MR imaging and signal targeting with alternating ra 
dio frequency) ft > FA I R(flow sensitive alternating inversion recovery 

[0 0 7 2] 

10A;i/Xy-^yxo-^|^il 0t:^to is — lr >x(i, — 

mt LT, IH4 H^i-iiJgjl^^W^ :BVS-pulse fciS&F 
2 ^7CO ^ ^ - v > ^* v - *r > X <h hWL&o 
[0 0 7 3] 
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t, w^m^s Rzmm • wt^o c*u;j;*k bvs-asl^m 

[0 0 7 4] 

jin-jf-^-75 ? R F n ^ ;u 7 ^Lt$|$ti^ 0 §xn-ftii$iS8 Rtcjs 

^UilJ-x-; h l 0^<E^$n*o 
[0 0 7 5] 

?g#jx-«y HOIt -KOfflS^ tel^tlt<^i^-f-? (fflitfW4 

-?Scont (Stag) SrgK^ii^, ^^HI<£> -> 3 y K:o^tf- * co¥ 
3KfcU SfllJSU &V^ite*tffifc»*1-& (Xf 7 7°S 3 6 a ' -S 3 6 e ' 
;S36a-S36e) 0 ■ZtUZZ *) , 3 > Fd-M- KKov>T*6**ttfl:S 
tLt:x> hn-;Hfft|Vc o n t — 3\ KKov^T&fcJiS'fLS tt 

* ^® ft I V t a g I tfZtl^'tin hti&o 
[0 0 7 6] 

}fCjfJ-x.y M0(±, SH^tC, deltaV = |Vcont|-|V 
t aglOlMS^ot, ASLBflASLima^o ^<7)-3lO^H 

u#-9®ftft*-eo^ti^Bi 1 2 ci^c^to 

[0 0 7 7] 

^HMf^T*(i, lOi^lLt, BVS-AS L&KflS&AS L lift AS L 
[0 0 7 8] 

3> hn-^*- TO^^t- KWOi^ff (A 
S LMftA S L i m a <7>^) ii, JWSrlKSfe LtzMk "^cosine <D Jftft K & 
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unipolar-VENC 9 4 7°co 0 ~ V e n c K^t&sinc#t£ KJt^T, ift 2 1££ 

v^E(^^iI$SH^Si:-CirW^^^^^^o T I > 1 s e c tcf£;g 

-f&m&^li. ft^fit 2 *Venoi s 5 0- 1 0 0 cm/se c flJt<7)iiJtiSB 
«r*/f-Lrv*-6^3|^l) % Venc=Vmax/2»^;tt\ ri^S 

[0 0 7 9] 

^ ^ S N R 4- [p] _b $ * * d t & T § & t # x. <b * 0 
[0 0 8 0] 

BVS-ASLSWt, *r<D%jjk$:Vm-?2>f$Mk*ftvt:£ 
-^>, Venc = 12 cm/seSOf^tk T I = 2 0 0 ra s t% S 
N R O A S LlJff^#ibtlTV^ 0 
[0 0 8 1 ] 

Maxwell termKJ: £|£»&2g5H-J: *) >-fc;W£-£& d «h ti&J^tLT 

v>£OT\ Maxwell term^J: *fitfli&l£Of£#$:J& t^if-f Hgftfo 
xMRStiT 2 jjgfttc «t -5, SNR@T£ft'M;1-&£a6H(±, Sv^^li L < > 
feJ-OvrLilv =Venc£-5-x.&&j£i>3- K/^VENCT^ot^ -e-tfV* 
^^5ftJS*^:§ <i"*fc, Maxwell termlC «t *fefflH(±ilJRi > n - V 
ENC <7)^JS02^T^# < c\<Dtz*b, s Ol** mm* 13.fr <-?&l<Zt\ 
»tt6C^L/:Wo n gfOA S L&^Jfc^T, *^f:#SVBS-A 
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[0 0 8 2] 

MftLtzXolz, *»ff^^^abipolar-VENC{i. |i]-{ii<7) v ^VenCC 
unipolar-VENC^it^T, fMMJtH^ft £^T" 2 ^<7)$J^ 
TWbft&o ^<7)7t:i6, unipolar-VENC ^-f 7°0 2^0vrLiSt:-^)oT^, 
iSffiiJTO^fif&Ti-^) - £ Ji&v^ U v ^enda^-CO^^ 1 ; > ^j^(ir&J± 
-f£ 0 -<7)£#X <j£^&ib(£\ E19 lC7^i-?MI:Mz^?M (MZ vs. velocity) 
^mn^iiMAZt^lr^Umt Lt, flnit¥#J<^D»II]l& (NAQ) @tCv^3lVe 

7^;u H & It S M T F (Modular Transfer Function) t c^convolution'T^&S^ 
M^f&ffcz:^^ co#t4^e^:«-r^- ttf-C^Zo AffiCli, Jfil^rtH 

[0 0 8 3] 

^WBVS-ASLftCii^-Cli, ±^<7)$q<2gP^W^^9^{iig^i- 
& «t -? tCiSiSa^^^SrflgjE-r*— ^-e, IOBVS-AS L&£J|MB?TM£ffi 
i"S <t^lCS S- t a g/^Xta^-tftv) ^.7-7^31 

[0 0 8 4] 

m&fb-rs (^^^i^i-s^3o^w^impf-e^iwj«i:i-s) 0 

[0 0 8 5] 
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tzmwit-r&o 

[0 0 8 63 

c on 2 <Dmnftz>WiT*mft -tz a sl^--/> huj^ l^bvs-as 

L^*ji3Sli-*^-C*4o Jifr&LfcB V S - A S Lj££J|MBrC$|Jfci-**£\ 
vftiS v =Venc<7)f5^*^^ «t o T (±, jgJt jiK'^X : BVS-pu 1 s eCi 

ot^^m^x^: Bvs-t a g (fau^EM (b) #jsq o^isjc 

:BVS-pulse Sr^WaW'^^ I S S - p u 1 s e <h&^£-;b-£T 

>^^BTtg^4^o fcrtfU -<7)J:9 K&JKilHR'Ol'X : BVS-p u 1 s e t 
QfflMiRstfrX (SS-pulse) 2>m&. X77*BVS-t 

a gflo*;fcffi&oim* J: -9 IzmmMIR'Oi'X : B VS-p u 1 s 

elzm&ffi&v , ^Oi^C^t^^i:^ $W 

[0 0 8 7] 

7)>7>&&^;b^c^£/^X^iJ<7)— $|£HI 1 3 (a) ^<7V^X^?iJ 
HJ: (^rt-Koti) ^M«*ftof£ttB8^*raizI (b) iz 

^ti^tiTfi-to zwvx&wnm'k. ttw&SKw* : ss-p u i s e* f ep 

JjQ£*U ^c^T, HU^EL7t:i:[WI1itcfM^ti/iilJSS^^^^ : BVS-p u 1 
s e^epflDSfi**-? KflU£SftTv»*o HI 3 (b) tcfrTcM^ BVS^ 
^XCJ: ^ ^¥>'^$^I)X77' : B VS - t a gOfigfi, filfao^ 

9 7*i±%jw$<d z t , ^fg^ ^ - v > ^ => yt^mmtR^^^ \Z£ 

yZti&x?? : S S - t a g^^'t y^fc&j£trJ:-?K:S8!5££*i*o 
, :<DX7/: SS-tagli, >f^-y>n7 ■/KSfeA-t&lMR^.LaEfflK 
ftfiU J.o, X77: BVS - t a g Kfifc «b <t d K&jgS fitv>4 0 
[0 0 8 8] 

fcrtfU i^iTi:, iiJM#^;i^ :BVS-pu 1 se tSWiS^^ 
^:SS-pul set S S - A S LSOTVS-AS 
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^^.iiCKtt^M^^o i" iffii&LfcVB S-AS L&££-=b-t!: 

r^-r^t, s s -a s L&<D? v/Dux-AH v 3 w^x<7)i§-S\ -g- 

[0 0 8 9] 

<7)^ffl?**wbtL^> 1 1 i> smaiRA^^ : ss-pui se^«c 

%> o 

[0 0 9 0] 

n 4 * - V y 7 7.7 -/(Dfo^m* (r> 9 >f 7^ 7 7*X~iJ Z ti±& 
ffiflcfiPLfcfflPS LvM&S-efc&o ^WaMR* 9 7 : S S - t a gco^Tii, ^ 

$ftfc<-Cfc, ^WS^7 7': SS-t agfSfiffffltS^ 
«fc 19 T dl^MUHi^lg*©*^-**^: t^lSo 
[0 0 9 1 ] 

z<ntz*b, *mbMB<o^&&. MiEL^VBS -A SL^T^t-T* JfiB.it 

T I Wf^^D^^ h"C&& tv^flj^^^xi> 0 
[0 0 9 2] 

£<bH, ^fpj^^^^^; J:fti;i:\ unipolar- V E N C 9 4 ?°co y S 
-AS LftO*£ffiv>*»^Kjt^fc*£"-C<>, >^^**&2fi!ftwlPl± 
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&&Zt # , ^ 2 l&co S N R coMlIII^II^ C t § & 0 

©iiiwT i «FiwoiHiatc5f-*-«6#*>i^m**s< -cfgtr ^^fu^t**,, 

[0 0 9 3] 

HI 1 3 ^^i-j$JKj8#e/-?;i/^ :BVS-pulse ici&#.;&£ *i& 1 8 
0° s*)isZ<7)ttt>t) S S-AS L&Kfcv»T?8ffc<&Re^£ffl±£-£*£ 
i&KlE < ffl^fbftT^&adiabatic pulse£ 2 LT£PiD-r £ «t d IC 18:56 L 

/n*;I/^*±3^0 HiOadiabatic pu 1 set? 1 ft# £ & 3 <h fit?§ &</> 0 -£*Ud\ a 
diabatic pulsed HMftnLT^, *«8ftOt£ffl**^:<0 9 0° '*)VZ<nWM"?W 

[0 0 9 4] 

c:coiSJtii^/N";wx :BVS-puise t&WlM$i'*n'X : SS-p 

u i s e ti&fr&t>*t£m&<o®ti&zm-f2>. miLtz&mmiR'^i'X : bv 

S - p u 1 s e omZWi 1 4 H^i"o 01 4 ( a ) IZTF'f&mMIR'in'X I B V 

9 o° /ifrxnztiirtit&izQimzti&Ajj ^mmmmmc zw&mx o & 

/h?<I^LT*l)o -Itucj:^, 9 KKisit* 1 8 0° /*)V7s\zXZ>9 

n7/li, 11 4 (b) ^-t-«t"9tz, J?<&4 0 
[0 0 9 5] 

lj % ilJtii^^X :BVS-pu 1 sei:i^^>^$n-6BVS^ 
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7^:BVS-tagli, n > ho-;R- KT?t± 90°, 180°, 9 0° W 
£'*frXrffiimZti2>X ; 77"e$>2>frb, * V*- VIZ&^X 1 8 0° /^VX^ 
ep^D^tL^^^^X^rcod BVS-t a g £Bfcw£MffllJO 

IS WHMX 7 / : S S - t a g t Ltiit^o Lfc7& f ot\ (HI 4 (a 
) tc^-t-igJtiilR/N°;ux : BVS-p u 1 s e<r>m&. SRH^^^ :SS- 
pulse SrftJD-^-ft El 1 3 (a) U^-tiiJgil^/^l'X : B V S-p u 
1 s e fcR^OfiMfl&:fc&H»T?#*£ £ <>K, ***>ll#Bltf>$S«fl:£|g*C: 

t a*-? # £ o 

[0 0 9 6] 
[0 0 9 7] 

:<7)ilfit:il.MR I .^St; «t <?xm?fZti2> A S £ 
W^jg^-eunipolar-V ENCH ~7<DA SL^-y> ^j*"?* «9 X 

[0 0 9 8] 

[i i 5 tc^-r$n< , ilj£ii#^;ux : B V S - p u 1 

s e IZ GMN )V X Zm^^XX ? 7mK*ft 7 =td v-^>x£ff)&1- 
[0 0 9 9] 

;v X £ grad i ent moment nu 1 1 i ng ( G M N ) Off^S bZ f&7£ 1" £ 0 KffilJ (i 

N CtLt-eo^Mff^i:|B|#^, MP G/^^XTiSJgJi^n- K£-§-;i£ i?t: 

WlMMW&itM z i>fcftZti2>o 
[0 10 0] 
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[0101] 

-pu 1 s e %Z\lDU-f& *£I^T, M R I gtwMS^ A S L 'f ^ - y > ^ 

^mtiL/;i i <Dmm^mtmmx$>^o 

[0 10 2] 
[0 10 3] 

tfz, MPG^XS:, Maxwell term<7Mif@:gf2 
V>&'C7jk2tiZmfflV&%t<?>—Mfafr<0&P c «t •? Maxwell 

[0 10 4] 

($4wiifi) 

[0 10 5] 
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u 1 s eRV i mftLtzmmfm^1&&&mmiR'Vl>X :BVS-pu 1 s e£^- 
tr) Wfiffl*WfiEi-&«^«:fltx.*C:fc«riRFf8fci:"t*o 
[0106] 

(ir? > h n-;Wf-^ 0 . 1 %J^T<^* — ^-"C** - t ftAikntztbKte 

scfwi/i ofijt^ffljs (o. 01%) ^*$tL*ct^f>, i° mro 

[0 10 7] 

-OfSfSP^^ov^rti, Buik L tz^Wf&f&<D t.^ [Zy Maxwell termfc&ft'C 

§ * ^ft-ctft ft Ltzt-t&t, 4 * - v y 77^ 7 roiEHrt'e^WWu o =t 

fiffl->7h^ eri cont > ?*er, tag^t^^MIK^^C 

9 0° /^>'VXc7)en*niSiu-C : \ ^r, cont = f 5 e r , ta 
g = 0 i:VM^fW^3A-r^d<h76 ? M-C*^>o ZOtft^it^J: 
■9 % fi+g y7b*^ e r> cont - 0 e r , tag^ fiBSli" * ^ ^ ^ 

[0 10 8] 

ttffi^^er, cont = 9* e r , tag+O^i^ ^>^-;r 
- K&LK?^- KWl^ftd e 1 t aMz = OKIlfc&ri*, IfiLift 
7n — a-tfnj&T^v? h L d e 1 t aMz = OtW flow 

+ 0i^l)) , «fi L< ±JELfcffiffll° Olli, d e 1 t aMz /M z 

= 1 - c o s (ldeg) =0. 0152%ifti), W*fc"t*l"C 

[0 10 9] 
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[0 110] 

S"C*SBVS-AS LST-fflv^iiSil^/N-^x :BVS-pulse 

<h o , mmmmty >; -y -/ttfatz «t & owi &fi^t»co$j^&o 5 Wco^ 

[0 111] 

Z.Z-emTfi-t&m&MIR'in'X :BVS-pul seli, mMLtzm4, 5C 

X oftffl (7'J7 £ CLtv^o 

[0112] 

- co «t ^ &ilJ^3I^y^x :BVS-pulse coJ§£\ fflfiWI 

, £*co^e- Km-5ti!ffiy7 h <h#x.£>*i& 0 -cot^&X #*co^e 

- KCo^T, &T<03MIKi&ot\ iiJtiilR^x : BVS-p u 1 s e colli 

[0 1 13] 

frno ;(0 7>x + t>tli, 0 16 (a) K^cfJ:?^ MliGz^* 
, lffliELfcajKj^/^* :BVS-pulse <h|5l-coW^^-> (■y-* 

[0 1 14] 

.?fcv>t\ ^e-KSlJC xn-ff S?:7-'JxiiLt7°nyx^y3>f- 
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z) zmn-rzo 

[0 115] 

ri^ztt^fnjKisit&ftfflo i^*^tt±^o ^ 7*z. Mct-ct^ x 

I0 1 1 6] 

fitf§5W±, KSUK, Ell 6 (b) iz^-rXniz, PM^=Az+Bt' 

l^t£ffi«IE*-e**««fHKJ»GzO||jE*Gz2ti, Mx.(2T2#g o 
MP GT*ab-SiiJSJ.>3- W^VENC^iiEtStOt It, 1 ^coM 

^L, 7^;f^ >^*LT^ci6/zfitl<7)®ft^7-7^^Z = Z q <7>lffi£fflV i "C & 

[0 117] 

Ceo J: ? K LTJfca&fcfitfBlftjE* (G z 2 , <J>) (i, ^e- KglJU, 016 (c 
) tCTjt-fftK, p« <f >V$<?>i&BtMBtmiR'i>i'X : B V S-p u 1 s e iz 

[0 118] 

oil), n> hn-;^- KS^^^- Ko#^t:ov>t, 1 #:f£*B<7)*$IE 
55*Gz2(i, ^Jx.(it^<7)i$J^^>=3- V/* to * VENC (MPG^VX) Cffi 
&«f G z O^PIMIEfrG z2 cor> cont IliGz2 cori t ag^ 
Xl)Uz.htiZ> MPG<?)I«i (l$ffiflt$H6) £^fr-tbhJ£«U *g 

fiOftfcijK, ««SHK*GzOeil]!in«FlW«:»jE"t-6J:9^LT<>J:^ 0 1~&;b*> 

[0 119] 

ttSliE#2 003-3073812 
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S^T-Y+Fcor, c o n t J Xli l~-Y+F c 0 r> t agJ 

o zotztb, mi 6 (d) tc^-Tct^tc, 0#C»iE$*lrt:X fcf>{±, T-Y+F 

cor, contJ (=» > h n-;w^- Kofc #) X*± T- Y+F c 0 r , ta 

+-%fafrbfrxmn® , o iizm&z^tbti, -t^W:. m.mtKi i i P b a c 

[0 12 0] 

±.&LtzmmiE<n>®M* * tsbh m l 7 <r> «t o K^S *i& 0 -o&LSii 
[0121] 

:BVS-pulse (HIl 6 (a) #BS) 0>epflnj&**frfrS*L % £*UCfc 
19, in-^-^-S^i|X*$tL-5) (0 17, Xf-y/Sl, 2) 0 -^V^T% h 

o til?^ 3>hn-^-KWX3-jg^S CO nt (Kz) , *?*^E- 

n t (z> . p t a g (z) ^ 7-'JiMta^ 
[t2] 

<?>fa&$:frh-$L*bbii. ^<D~7°u v'x ? v 3 ^ p c Q n t ( z ), P ta 

g (z) rt»<b Z#^rrp]C0n > h n-;v^e- KK£tt&{£ffl5HT ^ e r , cont 
( z ) , * ^-=6- KHi5lt& ?5 e r , tag ( z ) 

[&3] 

fier.cortf / tag 
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[0 12 2] 

>&>X% Mf#tt 6 Xfi^ifjx- v h 1 0 Ci 0 , ±5E Lfc 1 ^Ofiffi^ 
*«rfflv>Tfi[fflHtiE^»iE** f ?1tJ|[$n* (^f •y7 , S4) «> JWfcWKIi, l ^ 
iiLttmiElzttir Z * > hn-;ix^e- KB#0»IE*G z2 corj cont 
y*- KB#OMJE*G z 2 c o r , t a g& 
[14] 

^2^=^/2(^(5) 

-k^vxvenc (mp g) ^enjni^we**o 

[0 12 3] 

O^cffifflaiEtcWi"* 3 > h n-;u-t- KBt^MiEio c 0 r f con 

t W^- KNf^>»jEJI*c o r, tag^ 
[15] 

= <Pcr.com( Z = Z o) 
Q'cor.tog = <Pcr,u,A Z = Z °) 

[0 12 4] 

Z<DX -9 LT^^tL/zliiEa: (Gz2 cor> c o n t ^ G z 2 c o r , 
t a g> c o r , c o n t > ^cor, tag) (± > f Ox. (^lE'H^.— y 

h 1 1 KfcmztLZ UfyyS5) o ^"C* *X MfIl6CJ: l) , B V S 
- A S L <ASLO-y> ^rt^lfr £ *i & *»S^* ,J PJ Wf § tt, Mir £ 

6, S7) o -&v>T\ C^f^ffi^ti^ffilEM^ffi^T. KSUtc > BVS- 
A S L&!,zm&^X*vy<Ds*)l>Zi/-y>XI,Z&li2> B VS^ S ^X«H 
OlSIBXti^llDl^Ma^ORF^^^^Offiffi^iE^ixa (1116 ( c ) #J& 
) o R F^^x^fifgcon > h n-;wi— =i > h n-;i/-f£ 
^tt^ti^.^ (MS8T) Xti^fffiiJ (ffS8R) OfpJ*i75>-C 
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[0 12 5] 
[0 12 6] 

St K^M S N R <7)jfiU,«ffi Zimm^ft n^-t tft* § * 0 
[0 12 7] 

L J« 6 L /:W o n g f C J: ^ V S - A S L S^, itu 

j£L7t:GMN/N°;bX^fflv^ V S - A S L&<DWj&, > hn-M- KSt^^ 

[0 12 8] 

[0 12 9] 

(I5 0«i) 

£ Mi, Ell 8, 1 9£#hsl-£\ ^W^5Wiiiii:#I.MR I 
[0 13 0] 

-<OW^j:f^MR I SIC i -3 tltf ^ ti^ A S L ^ ^ - y > _h 

m<Dm4<D mmm t mm c iij^i^ < ^ * * * * * *. * c: 
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;wxVENC{i£v>tc|f|^14T% lo % 2f@W90 o /*;i/*<DfitfB 
f£*S) ££W;:J£&$-£&«fc ^ KL^^X I B VS-p u 1 s eWo 
[0131] 

[0132] 

KK*tLT 7°PX^r^ > £?T7 o -^-7°^^ -V >t?t±. El 1 8 (a) H 

tf1~J:oC )S««Gz^*, ffirJEL/jiSJKa^'?;i/X : B VS-p u l s 
e £|W|— <7)«^?->-C&&73*\ f|W9 0° ^"^X^I^LTV^^vnllJ^ffl 

i|xmi-^>o 

[0 13 3] 

•fu v i ? v 3 > r f - * P <d Z «i^|pi K r& o fcfiflafr* ^ £ it Jf -f £ o 
[0 13 4] 

fitl^ti, *-K*IOffiltLt, HI 8 (b) K^-f-J:-? 1^5^ 
= Az+Bt7^ yf >^MC#?^o iwMCiO, tfTifcfcMlK, 

(i, 0!lx.J;f2#B P G t^l, iitx > 3 - K/i;i,x V E N C CiiE 

[0 13 5] 
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Z\<D X d \z LXJfctbtziZfflffilES. (Gz2, <l>) (i, ^ > h o - h'RZF 

? y*- y^rtirtnz^ mis (c) tc7jrf$q<, * a ym^mm&m 

MIR^^X :BVS-pulse ^RB^^ti^o 
[0 13 6] 

oft), n y \- u-jv^- VRif? r*- K^^iitc, l^fiffioffiiE^G z 
2 f±, ffilx.(f^W3lJti>3- V/*)V* VENC (MPG/^^) 
G z^l&PililE^G z 2 c o r (Xf±eninB#^) £ LXl)UZ-htL&o 
[0 13 7] 

o-^fiffi^iilE^<D(i> 2#ico 9 o° Y filial- 

W r-Y+F c o r J Xlt TY+F C o r> t a gJ ^P^£ti& 0 
BI1 8 (d) Ic^-fJ:^^ O^MIE^tLT'zX h°>li N - Ytt^^F c 0 r Ttftt 
v7h r- Y+F co r J (rr > h n-;Hr- K<7)t|) x 3Z.fi, Y*^ 

W c 0 r 7tftt v "7 h Z-ttfz [Y +F C o r -I (^^-K^)tl) ^ 01514 <h L 

^-<7)|§m, Ittit^ flip b a c k ZtiZ> 0 
[0 13 8] 

±i£Lfd£fflM!E^S£3: <!:*6-2> HI 1 9 <D± n \z^kZHZ> 0 Z.<D%m\$ 
, a y h n-;i/^- VW? Y\z$k*mz^ 0Ux.(i\ y-^y-^5, 

fH?fl&6, ^ra^^-y h 1 OZ^Ut LT^T$tL2>o 
[0 13 9] 

:BVS-pulse (Ell 8 (a) #fis) co£pWt^r£ *U -tifiJ: 
l), -x-n-jf-f-S^JRS^tL^ (B]l 9, ^f'^Sl, 2) 0 ^v^\ *x b 

ot^b*,, 3>fn-M-KOX3-if^S cont (Kz) tLTtzi^ 
, rnyi^yg>f-^P cont (z) t5 5 \ 7-'Ji«J:^ 

[me] 
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<nmM?f:frhi£tbhti, z<d-7°u i/ ^ ? ^ a yr~ ? p c 0 n t (z) ^^ztt 

/jftOfifB^ ?5 e r , c o n t ( z ) ^\ 
[»7] 

[0 14 0] 

•&^T% *x hff^6X«±^^-^ h 1 0 iz± (9, ±5ELfc l^Ofi+a^ 

GLtttilEiztt-tzm*- h'&MnffiEMG z 2 c o r ^ 
[»8] 

Gz2_ =>C._,/2(*y<5) 

a'MVENC (MPG) OQlJni^WC*4o 
[0141] 

[#9] 

[0142] 

■I<7>J:-9 KLT##'b*ifcHjEi: (Gz 2 c 0 r> <D c 0 r ) (i, ffiiE £: FHSI 
-B., Mx.tfgE1gJ.--y h 1 1 \Z&mZtl& Uf'^S5) o -^T\ * 
X Mtlf1f£6 KJ: B VS-AS Ly£^Xo*< AS ;*-v>7*7«*t $<i 

ri^^fcBSti* (xt'7 7°S6, S7) o -&v>T\ iOSK*tb$*Lfc»jE**ffl 
v^T, -fc-KSUK, BVS-AS L&cj&^x*^ ><^;ux v-y >xKtt 

MlE^tL^ (Hi 8 (c) #hs) o iOiiE$^/^y-y>^OfefcU, 

[0 14 3] 
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§mzmL< mm l , ^Jt-eao^ snr oMtrnta **««-eff 

[0 1 4 4 J 

££f£9!L7^\ 2^f£ffl«iE<>or^'e*4o 2WfflW*o-C, lilt 
<fcv> 0 t©| y 5 > ^'ffl (7)M P G / ^ - > ^ ^lt»t ^ ^\ Xit, 7>7^rt> 

v 2 >ki±m^ * mm -r & <, fit, ®i x. t* g z 2 & , 2 #55-* 

Maxwell t e r m<7M£*l^« ? &o T t 1«jEnrfig"C*&o ilU 2>Xfr 

&'l£l?75 ? &-5>o 

[0 14 5] 

[0 14 63 
[0 14 73 

[0 14 83 
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[0 14 9] 

> «t £ £g£#<7) S S - A S L ri^E^i- &*fJt ^fl5#> & - £ * s t? # 

& m&ma h^aslo-vv^^ jt^i- & c t a*-? ^ & 0 

[0 15 0] 

mz-x, miRmm^*x t>*tz> ztx\ i&m^ma 
mm m * l & < x m o a s l 4 * - v > 7 * mt-t & - 1 &x # s 0 

[0151] 
[0152] 

$ <b *5kW Kfch M R I mWJklf A SLO-y> ^fifefi, itf^iJ^ 
^ -C & & ^ <b 4: *6#-C # , X &B§ & ftt v *t v > o tz & Xi> m « T- * & „ 

[mii^ffim^ra] 
[0 1] 

S S-AS Lffi«^^t^^Wy-y>X 0 

[@2] 

VS-AS Lm<DM^*m.m-$-&'*frXi<'-r>Xo 

[03] 
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[04] 

*%m<7)m 1 ^mW^T-lltToTfg^B V S - A S L-S(0-Wi:^^»^l' 

x v - y > 7 t ? 77 *7 ~7<n'&m. *m.Wir& m a 

[IH53 

* i (ommmmx-mn pt^^b v s-as l&<^sijowc^&«b&/^x v- 
y>^?n7 y (7)f±g * Kwi- £ Ho 

[IH6] 

^ i omm^mxmn^m^B v s-as LvicoiE^gijofijti^^^/^px 

-> - > X £ 9 77 7 r<7)fsg £fftBsi-& ei 0 

[0 7] 
[18] 

Bvs-ASLyi^ioit^ mmtfr h mmt^m *> mm £ . ft&m t ntt l 

[0 9] 

mtu z t tfummm vtcov^Bvs-ASLftt t * jttic l -c^-t ^* 

[0 10] 
[011] 

[012] 

m 1 0^»|gJc^v^TA S L|f|(7)Ml«^^t^lo 
[0 13] 

*5km<7)m 2 (Dmmzmxmnznz, ss-ASLWBvs-ASLat 

£&<^£-;b-£7t:A S L p< - v y 7^7f.-tW^^^ 7 v-y >x t ^*X770 
fig ^1^0^1-^)00 
[0 14] 
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$ 2 <DmMfcm<7)mmx~mn ^n^ss-ASLWBvs-ASLSt 
[m 1 5] 

[016] 

4 (Dmmfm^mf £ n & a s l * - ->* > a n %> mmmu^ 
[mi 7] 

[EI 1 8] 

^Hqco^ 5 (Drntmrn^mn £ a s l ^ ^ - ->* > r ^ & &t aiijoi^ 

[EI 1 9] 

1 to 

2 f§HM« 

3 M^iM^^-^ h 

4 IMitl 
5 

6 *xb stiff! 

7 RFn^^ 

8 t mmm 

8 R §1 

l o iMM-^ 1 -— y V 

1 2 H7f£? 
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&m 2003-037183 ^- v : 44/E 



ffifflEiff 2003-3073812 



2003-037183 



-^-v: 1/ 



mm 

SS-pul se 



RF 

Gz 




i-h-i 



Tl 



Pulse sequence for SS-ASL 



i mag i ng 
A" A* 



control 
tag 



[EI 2] 



RF 



Gz 



VS-pulse 



90 (X) 18000 90 (-X) 





















i 





Tl 



i magi ng 
A" hi 



Pulse sequence for VS-ASL 
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[04] 



90 (X) 



BVS-pulse 
180(Y) 90~(-Y) 



VENC 

Pulse sequence for BVS-ASL 



control 
tag 










imaging 



























BVS-tag 



Arterial blood flow 



ims] 



RF- 
Gz- 



90(X) 



BVS-pulse 

180 (Y) 90 (-Y) 



i 



VENC 

Pulse sequence for BVS-ASL 



cont ro I 
tag 









imaging 



























BVS-tag 



Arterial blood flow 
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[06] 



Gz- 



90 (X) 



BVS-pulse 

180(Y) ~ 90<-Y/Y) 



VENC 



VENC 



Pulse sequence for BVS-ASL 









imagi ng 



























BVS-tag 



Arterial blood flow 



fctiliEilf 2 003-3073812 
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[1218] 

deltaMz=Mz(cont)-Mz(tag) 
=Mzo(l-cos(Ou g )) 




Mxy before 2' nd Flip (Y) Mz after 2' nd Flip (-X) 

(a) VS-ASL (Unipolar-VENC^fflt\-5^jt) 

deltaMz=Mz(cont)-Mz(tag) 
=2*Mzo *s in(0> CO nt) 




at^cont=7t/2) 



Mxy before 2' nd Flip (-Y) Mz after 2' nd Flip (-Y) 

(b) BVS-ASL (Bipolar-VENC£fflU5?j3t) 



tHfHf 2 003-3073812 
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[09] 



2. 5 
2 

1. 5 
1 

0. 5 
0 

-0. 5 
-1 



uni. Venc=5 

bi.Venc=10 

bi.Venc=20 

bi.Venc=40 

bi. mean(Venc=10, 20, 40) 







/ 

///A yi 


X/ \ _ 




\ ^ \ 




\ /A ^ >Sk 

1 \ 1 / TV 1 jT ^^S^' ~~ 



0 10 2( 



4(P 



.€0 



80 



90 

v [cm/sec] 
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36a' 



*fef* -^Scont 



36b' 

—L 



36c' 




36e' 



I Vconti 



36a 



£f ;?Stag 



36b 

1_ 




36e 



m*\m<t 



36f 



I Vtael 



X del taV= IVcontl -iVtagl =ASL 



i mage 
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[0 12] 



(a) 




cont 



(c) 

I VcontL 



I V 1 1 



(b) 




(d) 




IVtagl 
IV, 



*±T-*: Stag 
AR V 




T 



(e) 



del taV=| Vtagl-l Vcont 



del tV 



AR 

A 





f AR i 
— 6 •- 






I - + j 


1 X 
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[113] 




.5 r< 
do ^ 




U_ isl 
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[014] 



(a) 



(b) 



BVS-pulse 



cont ro I 
tag 



90(X) 180(Y) 90(-Y) 



RF 



Gz 



VENC 



VTV 



VENC 



[Ell 5] 



RF 

Gz (control) 
Gz(tag) 



HI 



!V I 

Gs 



SS-tag 




Arterial blood flow 



90 (X) 

I 



BVS & SS-ASL 

BVS-pulse 

180(Y) 90(-Y) 

1 I 



VENC 



VENC 



i n=pi r 



ft": 



Un i po lar-VENC^itVS-ASL<D|g?f$T^FBlig^^pT^/«j:^St 
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[HI 6] 



BVS-pulse 
90(X) 180(Y) echo(-Y) 



RF 



Gz 



I 

i 



contro I 
tag 



I 



(a) fiffl ;BIJ ^ffiA" JW>-* >X (con t ro I / t agg-t" K ) ;IJJ J£ 



<t>ST. cont/tag 




<Per. cont (z)=Aer. cont* Z+Ber. cont 



Oer. tag(z)=Aer. tag* 2+Ber. tag 



(b)ftffi5l^»ai(control/tag§t-K) 



control: 90(X) 180(Y) 90 (-Y+<P f i ip. cont) 
tag: 90(X) 180(Y) 90 (-Y+cp f i ip. tag) 

I A I 



RF ■ 



Gz 



I 



t~p — -Gz2cor. cont 

fj? 



I i-i^iJt"^ — G22cor. tag 



(c)t5ffiMjEt^(Dy-^ (control/tag^-t-K ) 
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[El 1 7] 



SI — 



S2- 



( 


) 






GISfflBVS-pulseEPAP) j 








S <DtyM 



S3 



(control/tag£-*lt;l) 

Pcont/tag(Z) =FT[Scont/tag(Kz)] 
4>er. cont/tag(Z) =arg [Pcont/tag (Z) ] 



S4- 



1) Gz©»iE«<12MMB*IE) 

Gz2cor. cont = Aer. cont/ (2 7t T 0 ) 
Gz2cor. tag = Aer. tag/(2 7t y 6 ) 

2) flip backO(affl«IE«(0*ffiffl«iE) 

<Pcor. cont = <Per. cont(2 = 2o) 
<J>cor. tag=<Per. tag(Z = Zo) 



J 



S6 



S7 



S8- 





US? ^> 
Y 








MIES lc J: -5 







( ) 



tBIE# 2003-3073812 



4$J£ 2 0 0 3 - 0 3 7 1 8 3 ^- v : 15/ 

[Ell 8] 

BVS-pulse 
90 (X) 180 (Y) echo(-Y/Y) 



1 

i 


i 


U|U 

An 




u 

i 


U 

i 




1 


i i i 



(a) fe*@;!l£jfK AX>-*>X (cont ro l/tagftii) IC <tSiWJ3£ 





/ 


\ 




" <t> er. cont (z) = Aer. cont* Z+Ber. cont 

— — 




0, 


! zo 

1 ^ 


2 




s 1 ab i 



(b)^ffl^ffigai(control/tagfta) 



control: 90(X) 180(Y) 90 (-Y+<t>cor) 
tag: 90(X) 180(Y) 90(Y+<Pcor) 



RF 



Gz 



4» 

i 



t-p— Gz2cor 

i ! i 



(c)ttffl«iE^©->^ (G22^iEfilicontrol/tagitil) 







1 1 ^ 




/ Y 









(d) f I ip-backfittl (control/tagt-K ) 
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1 9] 



SI 



S2 



(;H^fflBVS-pulseEP*0) 











S3 



&*I5)-^;!JJ;£ (con t ro I T3HJE) 
Pcont(Z)=FT[Scont(Kz)] 
(fcer. cont(Z)=arg[Pcont(Z)] 



S4- 



1) GzO«iIEea;*&tB*iIE) 

Gz2cont = Aer. cont/ (2 7t T 6 ) 

2) flip back(D&ffiliIE«(0;*{a*Bt§IE) 

<t>cont= Oer. cont (Z = Zo) 



S5 



S7 



S8 




( x>H ) 





Y 


fljIEfiCDSciiS 






MIES 




(DISS! 
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iff SI 2 0 0 3 - 0 3 7 1 8 3 ^- V \ l/E 

mm] 

S£l«^s s-as L^cE^i-^fis^i^^^cit^-e^^iiSiiiR^^^ 

[Mte^m MRIitfi, mkfc<7>ffimMmzM LX A S L (Arterial Spin 
Labeling) &tC*cf< rr > |^D-i^- VRlFtry*— Y<D^)V7, v - ^ > X (I 

mzx^^yzzti fftiun l xmmm<n asl ® ft * t# & 0 ^ * -> - ^ > 

V S - p u 1 s e «r^tr 0 - OMiiiR^X (i. ilSil»^Bf K r? > b n - 



tt5ffiE# 2003-3073812 
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to, m a m. m m m 



1 . ^Wft B 



[000003078] 
2001$ in 20 
fSIPlE^i-TI 1 # 1 -if- 



